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Dascription of Damaged ﬁ“onerty: 4 Standard One Ton Chlorins Type
Feed Cylinder, Humber D-21157
(Carbide and Carbon Chemicals
Company Number 20325L)

Extent of Damage to Governmment Propevitys TFracture of cylinder =and
plate. Total astimated
damaga, 5225.00.

Time of Incident: dugust 5, 1951, 10:25 P.M.

Location of Incident: Oarbide and Carben Chemicals Compeny, K-25
Plant, Oak Ridge, Tennessee, -1131 Building,
Ground Floor,

Description of Incident:

Date

During electrical heating of ihe process gas in a one ton chlorine
type CJllnder in preparation for its transfer to the cascade, internal
pressure defarmed and cracked one end plate of the cylinder and resulted
in the release of gpproximately 200 lbs. of process gas into the building.
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Findings
23
E S 1. Dispensary examination of the 10 employees involved revealad
(5%~ minor chemical burns on the legs of L smployses, and no aspparent respire
9% atory injuries from possible inhalation.
=
3

Cek

2, The one ton ehlorine type cylinders are manufactursd according
to ICC specification 1064500 for sninplna cylinders and, at K=25, are
normally cleaned end pressure tesbed at 550 psig before use., The cyl-
inder volume as designed should be 25,5 cu, ft.; however, the cylinder
volumes of 140 such cylinders were found to vary between 26.1 and 27.0
cu, Tt.

30 1In June, 1951, the affected cylinder was tested at 100 psig
alr pressure and at 550 psig water pressure without leak or permanent
deformatlion. It was later filled with L,73L lbs. of process gas at the
Feed Plant, stored for approximately one month, and returned to the
Feed Plant for transfer to the cascade,

ho The transfer unit congists of an electrically heated furnace
in which the cylinder is heatsd %o veporize the process gas and thus
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seauefen 1t bo onz cascade. “he 2ir zurrounding the cylinder is circulated
-AEh a fan &9 armvsve heat srensfsr from the sir %o the cylinder. JAccident
prevantion fzawurns considersd to be ezsent1°7 %o zafe oneration = the unit
and fncluded ! ot 53 ey ra
&. 1L
12 2
cnnoetsd to ced orf the i:rnacu neatars at 8 sat iine pressure.
b, ream cormected to cut
T aches & sat tem-
80°F.
s £ Chromzlon temrerat iteh in contact with the prosess gas
pteley risual ana sudible alarms, one
cally wlac=d, zet to onerate
amperature.
G, An =fr flow suitch in the circulaiing air siream connected to
cut ofFf “he heat in th: svent of circulation failurs.

ra considered necessary
could bey; in effect,

The tMercoid ond Chrcmalox denpirature swvitcnes &
3 r 1 er
failure of an operator
DR
£

Tor szafe operaticn zouen as ths o e CC
removed Zrem e syst-m oy either e plugged lime ox
¥ it

to open thz cyliindor —aive pefore h2ating,
switeh r cuid havo been connzctad as a
Tt 30

ani oy : - { ite?
conirel & HMercols alr siraenm L2IPeraturg Switll,

earz that the Chromalox
0 act as an override

Lt the hime of *he incicent, the condition of the above »rotective

M.

a. Ths avecsure convroller as described in lia =bove was set to
actuats 2t 70 psig.

b, Fn an cttempt Lo sccomplish liguefaction ¢f the process mate-
risl in a reasonable time, the Mercold was set at 1ts maximum,
or 380° On the reasonable assumption that the temmerature
of the cvlinder weuld not reaeh the circulsating air tem-
peraturo,. this set was not considersd dangerous.

¢. The Chrcmalox switch, becanse of apparent unsatisfactory opera-
ticn, nad besen rzplaced by a thermocouple connected to a spare
point on a 30)0°F maximum speed range Spsedomax recorder.

d, The air flow switch did not function satisfactorily due to
surging in the air stream and had besen romoved from service.

the process gas before cpening the feed rate control
ntial Lo ssiisfeciory operation of the system.,
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Although the initial heating period usually recuired to liquefy the condensed
material and raise the vapor pressurc to 70 psig is only about 8 hours, the
pressure controller would normally prevent overheating of the cylinder even
if the unit were left vnattended for rmch longer pericds. The normal tem-
pergture of the process gas during transfer to the cascade is approximately
200°P,

7. At approximateiy 1:30 A.M., August 5th, the cylinder in question
was placed in the furnace preparatory to transfer of the process gas to the
cascade, Before heating, the pressure indicator showed the pressure in the
cylinder to be 10 psig, thus indicating the presence of contaminants of which
hydrogen fluoride was probably the prineipal constituent. During heating to
1iquefy the process gas, the pressure recorder chart indicated that the
cylinder pressure rose to L2 psig in 2 hours and then remained constant
until the time of ths rupturs, 1.9 hours later. The circulating air tem-
perature rose to the top of the recorder range {300°F.) in 3 hours and then
remained off seale.

8, After the ruptvre, a leck was discovered in the 1line batween the
pressure transmitter and the pressure rscorder controller, and the line from
the cylinder to the pressure transmitter was found plugged. A lesk of the
type found would cause the recorder coniroller to indicate apparent pressures
lower than the actual pressure, thereby preventing proper control of the
furnace heaters, Heating, thus improperly controlled, would increase the
cylinder pressure which, in turn, could probably ceuse the process gas to
freeze out and plug the line to the pressure transmitter. Under these con-
ditions, tha supply of heat to the cylinder would continue uninterrupted
until manually controlled.

9. The ruptured cylinder, the volume of which wasg 26.7 cu, 4., would
have been completely fillad with the L,73kL 1bs, of liquid process gas at
3669F, Heating of the liquid above this value would thus result in the
exertion of a very large hydrostatic pressure against the cylinder walls,
However, it should also be noted that the vapor pressures of process gas and
hydrogen fluoride at 360°P, are 330 and L80 psia, respectively-

Conclusions

The committeé found that the primary cause of the cylinder rupture was
the build up of initernal pressure resulting from the failure and inadequacy
of operational control squipment.

Recormmendations

+ 1. Action Taken To Prevent Recurrence

a, The maximum capacity of the cne-ton chlorine type cylinders is
now regarded as 5000 pounds and the cperating 1imit during
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£illing i3 set low enough so that the 500C pound maximum will
incivds the maximum expected filling error.

be Until such hLime as engineering studies can be completed, the
operciion of the steam and elsctric units throughout the plant
w111 be contimued for heating cylinders which contain less than
5000 pounde of process gas with the following limitations:

{1) Audible warning devices will be installed on the steanm
heated units to alarm when tihe steam temwerature exceeds
2500F, These devices will provide additional protection
against failure of the steam reducing and relief valves.

{2) The follcwing precautions for slectrically heated units
will ©e taken:

{a) The ‘jercoid temperature switch will be set to hold the
circulating a2ir temperature below 250°F, and an over-
mide control will be instaliled as additional protection
and will be set to limit the skin temperature of the
cylinders to 25007,

{b) Insofar as practical, the system will be valved so that
an open line exists between the cylinder and the
receiving system. VWhen it is necessary to liquefy the
process gas before valving into the receiving system,
the liguefaction time will be held to 8 hours,

{c¢) The range of the circulating air tempersture recorder in
the feed bath has been extended to include all normal
operating temperatures.

{d) The present method of controlling heat by cutting off the
heater when the cylinder pressurs reaches 70 psig will
ve retained in the Peed Flant as operational control.

¢, Cylindsrs now filled in excess of 5000 pounds will be treated as
k3

ollows:

(1) Gylinders filled in excess of 5100 pounds will be tagged
and held until enginsering studiss ars completed; then
procassed subject to the findings from the study.

{2) Since it is not feasible to hold cylinders which are now
£illed with 5000 to 5i00 pounds, these units will be pro-
cessed in a steam or glectric unit in the same manner as
those which are f£illed with iess than 5000 pounds and the
operating temperature will be chosen to compensate for the
expansion of the additional 100 pounds of material.

.



2, Remaining Action To Be Tsken To Correct Condition

Enegineerine evaluation studiss are now being conducted to dstermine
5

the safls
contain

K. P, Moseley:mmp

ODctober 18, 1951

znd nost efficient methods of heating cyiinders which
pcess material,
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